ABSTRACT
range of −2.0 < [Fe/H] < −0.7 have been reported (Nissen & Schuster 1997; Ivans et al. 2003) , and abundances and kinematics accumulated in spectroscopic observations indicate that some of these low-α stars could be accreted from nearby dwarf galaxies which have a lower star formation rate than the Galactic halo (Gilmore & Wyse 1998) .
Recently, Shigeyama & Tsujimoto (2003) Two previous works on abundance determination of this pair (King 1997; Fulbright 2000) gave inconsistent results for some important elements. The abundance ratios of [Na/Fe], [Mg/Fe] and [Si/Fe] show deviations of 0.15-0.25 dex. Since these ratios provide crucial information on the formation environment of this pair, it is desirable to make a new analysis with high quality spectra from UVES/VLT and HDS/SUBARU by an updated analysis method in the present work. Moreover, our work will derive abundances for more elements based on more lines. In particular, abundances of a few interesting elements, such as K, Sc, Mn, Cu, Co and Zn, are not available in the literature. The abundance ratios of these elements provide key clues to their origin and give new information on their nucleosynthesis history.
OBSERVATIONS AND DATA REDUCTIONS
In order to reduce analysis error and to facilitate the interpretation of resulting abundance, we select HD 211998 as a standard star for comparison. HD 211998 is a subgiant, which is expected to be immune to the planet (if existed) formation process according to Shigeyama & Tsujimoto (2003) , and its metallicity is the same as our target stars.
High resolution UVES spectra were retrieved from the ESO archive 2 with the resolving power of 40,000 and the signal-to-noise ratio of 200 for HD 134439/40 and R∼60 000 and S/N∼400 for HD 211998. Subaru archive data 3 (Baba et al. 2002) supplied additional HDS (Noguchi et al. 2002 ) spectra for HD 134439 with R∼90 000 and S/N∼300. Note that the resolution and signal-to-noise of our HDS spectra for HD 134439 are higher than those of King (1997) and Fulbright (2000) , while UVES spectra have similar resolution and signal-to-noise ratio as those of King (1997) . In comparison with Fulbright (2000) , the signal-to-noise of our UVES spectra is significantly higher.
The spectra were reduced by using standard routines in MIDAS software for order identification, background subtraction, flat-field correction, order extraction and wavelength calibration. Bias, dark current and scattered light corrections are included in the background subtraction. The spectra were then normalized by a continuum function determined by fitting a spline curve to a set of pre-selected continuum windows estimated from the solar atlas. Finally, correction of radial velocity shift, measured from 20 lines, was applied and the equivalent widths were measured by Gaussian fitting. with different strengths to give consistent abundances. Stellar parameters and resulting abundances are presented in Table 1 .
Our temperatures are generally consistent with those in King (1997) with deviations of 21 K and 67 K for HD 134439 and HD 134440, respectively, but they are significantly higher than those in Fulbright (2000) . As noticed in Chen & Zhao (2006) , spectroscopically-derived temperatures for solar type stars show systematically deviations in opposite directions in different works, and they strongly depend on stellar model atmosphere, the selection of lines, the adopted atomic data, and so on. We thus prefer the IRFM-based photometric temperatures. Furthermore, surface gravities in the present work are derived from parallaxes which are more reliable than those in King (1997) and Fulbright (2000) . Finally, we note that the microturbulences of this pair adopted by Fulbright (2000) are 0.7 km s −1 which are quite low as compared with the usually adopted value of 1.5 km s −1 for metal-poor stars in the literature.
The internal error in T eff derived in the present work is around 70 K as shown in Nissen et al. (2004) . Considering the significant discrepancy with spectroscopically-derived value in Fulbright (2000), we adopted the error of 150 K in T eff as the maximum value of temperature error. Errors of other atmospheric parameters are estimated to be 0.15 dex in logg, 0.1 dex in [Fe/H] and 0.3 km s −1 in ξ t .
Abundances and Error Analysis
The unblended lines with strength strong enough for measurement were carefully selected by using the solar atlas of Moore (1966) . The oscillator strengths are mainly the same or taken from the same sources as those in Chen et al. (2000) , which are checked for consistency with the Sun being one of "standard" stars. The atomic line data and equivalent widths for HD 134439, HD 134440 and HD 211998 are presented in Table A1 4 , which is published electronically only.
The model atmospheres were interpolated from a grid of plane-parallel, LTE models provided by Kurucz (1995) in which convective overshoot is switched off. The ABONTEST8
program, developed by P. Magain in the Liége group, was used to carry out the calculations of theoretical equivalent widths of lines and abundance was derived by matching the theoretical equivalent widths to the observed values. Hyperfine structures for Sc, Mn, Cu and Ba are checked to have small effects since the adopted lines are weak in metal-poor stars. Solar abundances from Grevesse & Sauval (1998) are adopted to derive the relative abundances.
Since Si and Zn lines corresponds to high excitation levels and are weak in our stars, they are formed from deep in the stellar atmospheres which is similar as that of FeII lines. Table 2 , where numbers with brackets indicate the internal errors by using 70 K as an error in temperature. It shows that abundance errors when the internal error in temperature of 70 K is adopted.
The comparisons of uur abundances with those in King (1997) and Fulbright (2000) are shown in Fig. 3 . Generally, our values are quite similar with King (1997) . The [Na/Fe] and [Ca/Fe] show the largest deviations around 0.1 dex. Note that more lines are used in the present work to derive abundances while only one line for Na and three lines for Ca are adopted in King (1997) . In comparison with Fulbright (2000) , there is a large disagreement by 0.2-0.3 dex in [Na/Fe] and [Si/Fe]. Since our abundances are derived with a more reasonable atmospheric parameters based on spectra with higher signal-to-noise, they may be more reliable.
ABUNDANCES AND DISCUSSIONS
The common proper-motion pair is presumed to be formed out from the same cloud, and thus we can expect that HD 134439 and HD 134440 have the same age and chemical history. Unfortunately, it is difficult to determine their ages since they are on the main sequence. Some common proper-motion pairs, e.g. 16 Cyg and HD 219542, are reported to harbor planets and abundance differences in planet host stars have been suggested (Laws & Gonzale 2001; Gonzalez et al. 2001; Sadakane et al. 2003) . However, Desidera et al. (2004) recently studied 23 common proper motion pairs with solar metallicity, some of which harbor planets, and suggested that differences in iron abundances between the pairs are less than 0.07 dex. Presently, it is premature to exclude the possibility of the presence of planets on the HD 134439/40 pair based on their identical abundances.
As reported by King (1997) and confirmed in the present work, this pair has lower [α/Fe] ratio than normal stars at [Fe/H] ∼ −1.5. According to Shigeyama & Tsujimoto (2003) , low-α metal-poor stars might harbor planets and they accreted planetesimals which enhanced the surface content of Fe and thus reduced the [α/Fe] ratios. In this regard, we would expect an increasing enhancement of elements with higher condensation temperatures (hereafter, T C ).
Simply, we adopted the condensation temperature of the solar system from Lodders (2003) since there is no better source in the literature. However, there is no any clear trend in Fig. 4 where abundances, relative to the comparison star HD 211998, versus T C are shown for both HD 134439/40 have the same and special kinematic parameters (R apo =45 kpc, V LSR =-315 km s −1 , Z max =1.7 kpc) which are thought to be a evidence of accreted substructure in the halo field according to Carney et al. (1996) . Similarly, other eight low [α/Fe] stars found by Nissen & Schuster (1997) also show large R apo and Z max and they were related to the accretion of our Galaxy from nearby dwarf spheroidal (dSph) galaxies. The inspection of our resulting abundances of HD 134439/40 with stars in dSph galaxies by Shetrone et al. (2001 Shetrone et al. ( , 2003 by Nissen & Schuster (1997) and in dSph galaxies by Venn et al. (2004) . Thus, to a large sense, this pair is related to an chemical evolution history like dSph galaxies. Particularly, However, the suggestion that they are accreted from dSph galaxy may not be the whole story of this common proper-motion pair. With careful inspection of the abundances in (Brown et al. 1997 ). On the Since the two stars were formed in a low supernova Type II environment as indicated by their low α ratios, it is natural that dust accretion provides a possible solution to these unexpected features. Probably, the two field low α stars have formed from a dusty environment where dust from the late stages of stellar evolution in a prior generation of stars contaminated the pro-stellar material of this pair. In connection with the dust observations, this suggestion is promising since the existence of very cold dust in low metallicity galaxy has been reported (Galliano et al. 2003) which indicates that the mass ratio of dust-to-gas ratio is significantly higher than normal value in the Galaxy (Li 2004) . It is well known that the depletion pattern of gas onto dust in a prior generation of stars shows a decreasing depletion factor for elements with higher condensation temperatures (Jenkins 2004 ). Therefore, if the proto-cloud of this pair is polluted by material with a usually high dust-to-gas ratio, we would expect an increasing enhancement of elements with higher condensation temperatures. The relation of [X/Fe] vs. T C for α elements and Fe-group elements in Fig. 5 respectively, so that small trends can be detected by comparing elements which are thought to be formed from the same nucleosynthesis site. In this plot, the average values of HD 134439
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and HD 134440 are adopted as representative abundances of this pair. Here, Zn is included in iron group elements since it follows Fe at [Fe/H] ∼ −1.5 (Nissen et al. 2004) while Mn is excluded due to the odd-even effect of this element found in Galactic stars and Ni is also excluded due to the Na-Ni correlation described above. and knowledge on dust formation and evolution are desirable to understand these results.
CONCLUSIONS
We have derived abundances of 18 elements for the HD 134439/40 common proper-motion pair. With new determined abundances of Mn, Co and Zn, our result do not favor the accre- that the proto-cloud of this common proper pair is polluted by material with a usually high dust-to-gas ratio in a low SN Type II environment such as dSph galaxy.
